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/"Fol- owing  is  Due  translation  of  an  article  by 
u.  At  nasova  and  Yu.  Filimonova,  Rostov  on  the 
Don  ^ntipl-gue  Institute  (Dir.  -  ^rof.  I.  V.  Doi.ia- 
radskiy),  published  in  the  Russian-language  perioa- 
ical  Byull.  Eksper.  Biol.  med.  (Bulletin  of  Exper¬ 
imental  Biology  and  medicine)","  65(2),  1968,  pages 
83—86.  (It  was  submitted  on  25  jvlay  1965  and  pre¬ 
sented  by  active  member  of  the  ;;Mw  USdR  H.  N. 

Zhuko  v-V  e  re  zhn  iko  v.)_7 


A  single  administration  of  fraction  1  of  the  plague  micros 
on  complete  Freund  deponent  2  days  prior  to  infection  with  a  viru¬ 
lent  culture  of  plague  causative  agent  protected  some  of  the 
white  mice  from  death. 

The  wave-like  (cyclic)  nature  of  resistance  to  experimental 
plague  and  its  intensity  correlated  with  the  dynamics  of  the  anti¬ 
bodies  detected  in  the  serum. f  ) 


The  mechanism  of  ijm.iunity  in  plague  and  the  role  of  individual 
antigens  in  the  creation  of  specific  non-susceptibility  have  b$en 
studied  intensively  in  many  countries..  Significant  progress  in  this 
area  has  been  achieved  due  to  investigations  which  made  it  possible 
to  establish  the  nature  and  value  of  the  capsular  substance,  the 
so-called  fraction  1  (FI),  froof  has  been  obtained  that  the  pre¬ 
ventive  properties  of  serum,  revealed  with  the  help  of  the  test  of 
passive  protection  of  mice,  are  caused  by  the  presence  of  antibodies 
to  FI  in  it.  Resistance  in  animals  which  had  been  immunized  or 
which  had  endured  infection  also  correlates  with  the  level  of  anti¬ 
bodies  to  FI  in  their  serum.  It  is  doubtless  that  other  antigens 
of  the  plague  microbe  take  part  in  the  formation  of  antibacterial 
and  antitoxic  immunity.  However,  a  high  content  of  antibodies  only 
to  fraction  1  is  capable  of  ensuring  resistance  to  largo  doses  of 
virulent  causative  agent* 

The  aim  of  this  work  was  a  comparison  of  the  dynamics  of 
sorological  indices  in  white  mice  which  had  been  inoculated  oni 
time  with  FI  witn  the  dynamics  of  their  resistance  to  experimental 
plague . 


1. 


experimental  methods 

Purified  preparation  of  FI  v/aa  obtained  from  the  water-saline 
extract  of  a  mass  of  bacteria  by  the  Beyker  mothod  of  salting  out 
with  ammonium  sulfate  (at  O.0--O.00  saturation)  with  subsequent 
multiple  reprecipitation.  This  preparation  produced  on.©  linji  of 
precipitation  in  gel  against  agglutinating  antiplague  serum,  i The 
activity  of  FI  in  the  antibody  neutralization  reaction  (x*,R)  pom- 
prised  0.001  ug  in  0.2  ml.  The  dose  for  immunization  of  one  j 
mouse  equaled  20  yug,  or  20,000  minimal  neutralizing  doses  (hNl). 

The  antigen  in  a  physiological  solution  of  sodium  chloride  orj  in 
complete  Freund  deponent  was  administered  into  the  underside  pf 
the  rear  extremities  on  the  basis  of  0.05  ml,  containing  IGyug 
of  FI,  in  each  paw.  /  j 

Serological  investigations  were  conducted  with  the  help;  of 
a  stable  diagnostic  agent  of  high  sensitivity  -  2.5>o  suspension  of 
formalinized  tannin-treated  sheep  erythrocytes,  charged  with  Fl, 
in  a  IQt/o  solution  of  formalin  f\J .  All  the  tests  were  set  upj  with 
series  of  diagnostic  agent  of  the  same  activity  in  respect  to!  the 
agglutinating  serum  of  tne  "mikrob"  Institute  (series  69).  The 
titer  of  this  serum  in  the  passive  hemagglutination  reaction  (rhiR) 
equaled  1:1,280,000. 

The  content  of  antigen  and  antibodies  in  the  blood  serua  was 
determined  in  water-saline  extracts  of  tissues  from  the  site  of 
administration  of  the  antigen.  After  the  taking  of  blood  the  mice 
were  perfused  with  warm  physiological  solution  (20 — 25  ml  for  each 
animal)  through  the  major  circulatory  system.  Severed  paws  were 
weighed  and  ground  with  a  small  amount  of  sand  and  a  10fa  solution 
was  prepared.  After  centrifuging  and  heating  at  56°  for  50  minutes 
the  water-saline  extract  was  filtered  through  paper  and  absorbed 
by  sheep  erythrocytes.  The  sera  which  was  absorbed  by  sheep  [eryth¬ 
rocytes  and  the  treated  extracts  were  tested  in  the  ii ik  and  the  ANR. 
Specificity  of  the  results  obtained  in  the  PNR  was  controlled,  with 
the  help  of  the  hemagglutination  inhibition  reaction  (H1R)  with 
8—16  MND  of  antigen. 

The  resistance  of  the  white  mice  was  checked  by  infection  with 
the  virulent  strain  No  1500  of  the  plague  causative  agent,  uniform¬ 
ity  of  conditions  of  infection  was  ensured  by  the  use  of  one  [gener¬ 
ation  of  microbes,  incubated  on  solid  medium  with  casein  hydrolysate, 
*fter  a  48-hour  incubation  at  28°  the  inoculation  was  stored  jin  the 
oold  for  the  entire  test.  Subcultures  for  infection  were  seeded 
off  every  2  days  onto  solid  medium  of  the  same  series.  Tenfojld 
dilutions  of  a  2-day  oulture  of  microbes  wore  prepared  on  physiolog¬ 
ical  solution.  The  number  of  live  oella  in  the  prepared  suspensions 
was  determined  by  the  results  of  inoculation  on  plates.  For  jlnf ac¬ 
tion  the  corresponding  suspensions  of  microbes  in  a  volume  oX?  0.2 
ml  were  administered  subcutaneously  to  the  white  mice.  j 


% 


The  v/aito  mice  v/oro  immunized  witn  FI  on  complete  Freund 
deponent  ana  on  physiological  solution  (550  and  200  animals  respec¬ 
tively).  Corresponding  groups  of  animals  (control)  received  de¬ 
ponent  or  pays i ol o gi c a 1  solution. 

Kesults  of  experiments 

Of  the  animals  which  were  inoculated  with  FI  on  deponent  3 
mice  were  sacrificed  each  d..y.  The  content  of  antigen  in  the:.r  sera 
and  extracts  from  tissues  from  the  site  of  administration  are  shown 
in  Figure  1.  The  curves  are  constructed  on  average  geometric 
titers.  In  this  test  FI  ceased  to  be  revealed  in  tae  serum  of 
mice  already  in  2  days.  On  the  8th  day  antibodies  were  detected, 
tae  titer  of  which  reached  its  hignest  index  on  the  lOtn  ,day .  But 
on  the  11th  and  12th  days  antibouies  were  not  detected  in  the  serum. 
On  the  13th  day  they  again  started  to  be  determined. 

,  Figure  h. 
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Figure  1.  Dynamics  in  the  content  of  antigen  and  antibodies  :.n  the 
blood  and  tissue  extracts  from  the  site  of  administration  on  nice 
which  had  been  inoculated  with  FI  on  deponent. 

1  -  curve  of  average  concentrations  of  antigen  in  tissue  extracts 
from  the  site  of  administration  (uKD  -  minimum  neutralizing  dose); 

2  -  tne  same  in  serum;  3  -  curve  of  average  concentrations  of  anti¬ 
bodies  in  tne  senna  (SU  -  serum  units).  The  horizontal  dotted  line 
is  tne  level  of  reading. 

Key:  (a)  Ig  of  i,2PD  or  SU;  (b)  days. 

There  is  considerable  interest  in  the  dynamics  of  residence  of  anti¬ 
gen  in  the  t^saues  from  the  site  of  administration,  *  high  lev<"\  of 
antigen  in  extracts  was  preserved  for  the  first  6  d-ys  after  immuni¬ 
zation.  The  niticoable  lowering  of  its  concentration  coincided 
witn  the  time  of  appearance  of  antibodies  in  the  serum.  In  the 
period  of  tne  highest  level  of  antibouies  in  the  serum  the  activity 
of  tissue  extracts  from  the  site  of  administration  in  the  .tKR  f  was 
reduced  to  0.  .iith  the  "disappearance"  ~f  antibodies  from  thi 
serum  tiers  was  a  coincident  "new"  increase  in  the  concentration 


of  antigen  in  tissue  extracts  from  tno  site  of  udminis tra t iorj •  The 
antibodies  wnich  appeared  in  tne  sc  run  on  tae  loth-lith  day  sis  if 
lowered  the  level  of  antigen  at  cac  site  of  administration,  j 

The  impression  is  created  that  in  mice  which  xiuve  been  j  immu¬ 
nized  one  time  with  capsular  antigen  of  the  plague  microbe  the 
dynamics  of  residence  of  antigen  ana  antibodies  in  tno  blood  |and 
tissue  extracts  from  the  site  of  administration  have  a  cyclic 
nature.  Wa  observed  a  similar  regularity  on  other  laboratory  ani¬ 
mals  which  were  inoculated  with  FI  on  deponent  (white  rats,  (juinea 
pigs,  golden  namsters,  ana  raboits}.  a  dependence  ..as  revealed 
between  the  species  of  animals,  dose  of  antigen,  and  nature  of  the 
cycles  -  number  of  waves,  their  duration,  and  fluctuations  in  the 
level  of  antigen  and  antibodies.  Statistically  reliable,  results 
of  tests,  demonstrating  the  cyclic  nature  of  tne  primary7 immunolog¬ 
ical  reaction  in  white  mice,  are  described  in  the  literature  I IZ27. 

The  wave-like  nature  of  the  dynamics  of  antigen  and  antibodies 
clearly  reflected  the  dynamics  of  a  plasmocytic  reaction* 

Alternation  of  periods,  when  antigen  is  detected,  with  "waves" 
of  free  antibodies  apparently  takes  plac.e  due  to  the  depot  state 
of  the  antigen.  Initially  its  presence  in  the  blood  causes  a 
"start-up"  of  the  mechanism  of  formation  of  antibodies  and  a  local 
reaction  in  the  form  of  hyperemia  and  inflammation.  The  antibodies 
which  appear  form  neutral  complexes  with  the  antigen  which  he|s  been 
released  from  the  deponent*  Only  with  a  surplus  of  one  of  tide  com¬ 
ponents  -  antigen  or  antibodies  -  is  it  possible  to  detect  it. 

Periods  when  neither  antigen  nor  antibodies  are  revealed  possibly 
set  in  when  there  is  an  equivalence  of  their  ratio  in  the  organism 
and  neutralization  of  antigen  by  anti  odies. 

The  dynamics  of  resistance  to  experimental  plague  were  studied 
in  parallel  on  uniform  groups  of  test  (immunized)  and  control  ani¬ 
mals*  The  intervals  between  infec cions  were  short  -  40— 72  hours. 

In  each  period  the  mice  were  infected  with  ten-fold  increasing 
doses  -  from  1  to  10,000  microbial  cells  (6  mice  from  a  group  for 
eaoh  dose)*  The  results  obtained  were  treated  statistically 4  The 
indices  of  resistance  are  expressed  in  logarithms  of  LD i|d 
standard  deviations  were  calculated  by  tne  method  of  asnmarir). 

In  Fig,  2  it  can  be  seen  that  the  administration  of  20  u£>  of  FI 
on  physiological  solution  considerably  increased  resistance  t^o 
infection  and  in  a  relatively  late  period  -  in  9— lb  days  ax'ter 
immunization*  However,  the  same  dose  of  antigen  on  deponent  j 
changed  the  sensitivity  of  the  animals  to  a  virulent  causative  agent. 
Already  in  2  days .after  immunization  the  mice  of  tne  test  groups 
turned  out  to  be  more  protected  than  the  control  groups  which  re¬ 
ceived  the  deponent  without  antigen*  Resistance  increased  up  to 
the  11th  day*  On  the  14th-16th  day  the  resistance  of  immunized 
animals  was  reduced  to  the  level  at  which  the  mioe  of  the  control 
groups  were  found.  During  a  check  of  immunity  in  following  periods 
a  considerable  reslotanoo  of  immunized  mioe  was  again  revealed 
whioh  distinguished  them  considerably  from  the  oontrol.  j 


Figure  2.  Dynamics  of  resistance  to  infection  with  virulent  blague 
microbes.  I 

1  -  4  -  curve  of  lg  LD^q  and  standard  deviations  (P  =  0.95;  pro¬ 
cessed  by  the  formula  of  i.erber)  respectively  for  white  mice  inoc- 
lated  with  deponent  FI,  mice  which  received  only  deponent,  mice 
immunized  with  FI  on  physiological  solution,  and  control  animals 
v/hich  received  physiological  solution.  On  the  axis  of  abscissae 
-  periods  between  immunization  and  infection  (in  days). 

Key:  (a)  lg  lg  LD50  and  standard  deviations;  (b)  days. 

A  comparison  Fig.  1  and  2  shows  that  a  bond  exists  between 
the  curve  of  resistance  and  the  dynamics  of  antigen  and  antibodies. 
The  increase  of  resistance  to  infection  by  periods  coincides  with 
tne  periods  of  an  increase  in  the  titers  of  antibodies.  The  lower¬ 
ing  of  resistance,  revealed  on  the  14th-16th  day  after  administra¬ 
tion  of  deponent  FI,  precedes  the  second  wave  of  antibodies  in  the 
serum. 

The  early  resistance  observed  shortly  after  administration  of 
deponent  FI  as  if  lacks  an  explanation:  antibodies  in  detectable 
amounts  were  recorded  only  starting  with  tne  8th  day.  Antibodies 
ware  not  found  in  mice  which  had  received  FI  witnout  deponent.  This 
was  checked  with  the  help  of  serological  reactions  and  tne  phjago- 
cytic  tost.  It  is  very  probable  that  in  the  early  period  after 
immunization  the  antibodies  wore  not  visible,  tne  amount  of  them 
was  not  great,  and  they  were  used  up  rapidly,  having  oecorae  bound 
with  the  causative  agent.  The  degree  of  resistance  in  the  early 
periods  was  considerably  lower  than  the  protection  of  animals  in 
later  days,  when  it  increased  in  parallel  with  an  increase  in;  the 
titer  of  antibodies.  It  was  demonstrated  that  early  protection  in 
white  mice,  inoculated  with  FI,  was  specific:  the  animals  restated 
experimental  plague,  but  not  tularemia  or  melioidosis  /3,  47# 


barly  aevelopin^j  resistance  to  foreign  antigens  lias  oeen  described 
in  cold-blooded  animals  ana  even  insects,  lx;  is  insufficiently 
specific  and  temporary.  It  can  be  assumed  snat  tho  ~»nonomonon  of 
early  protection  v:us  also  preserved  for  more  complexly  or£.-nized 
creatures,  as  they  become  more  developed  the  primary  immunological 

reaction  was  specialized  and  became  more  specific.  j 
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